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ABSTRACT
Objective: Stress urinary incontinence may serve as a barrier to lifestyle modification among
women at high risk for diabetes, but the prevalence of stress urinary incontinence among wo-
men with histories of gestational diabetes mellitus (hGDM) is unknown. The purpose of this
study was to examine the prevalence of stress incontinence among women with hGDM and
to examine its association with their current physical activity.
Methods: We surveyed women with hGDM within the past 5 years who were currently en-
rolled in a managed care plan (n  228). In a cross-sectional analysis, self-reported weekly or
more frequent stress incontinence was the primary independent variable and measures of
physical activity and body mass index (BMI) were the outcomes of interest. We constructed
multivariable models that adjusted for participant characteristics associated with the measure
of incontinence or outcomes in bivariate analyses.
Results: Of the 228 women with hGDM, 49% reported weekly or more frequent inconti-
nence during pregnancy, and 28% reported that incontinence affected their activities during
pregnancy. Fifty percent reported weekly or more frequent incontinence after delivery, with
27% reporting interference of incontinence with activity. Less than a third of women reported
optimal physical activity, and 42% were obese. After adjustment for characteristics associated
with measures of activity and incontinence, there was minimal association between levels of
activity and stress urinary incontinence; similarly, there was no association between BMI and
measures of stress incontinence.
Conclusions: Stress urinary incontinence is common among women with hGDM but does
not appear to be associated with physical activity levels or BMI.
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INTRODUCTION
GESTATIONAL DIABETES MELLITUS (GDM), or glu-cose intolerance first identified during preg-
nancy, is a major risk factor for type 2 diabetes
after delivery.1 The Diabetes Prevention Program
(DPP), a randomized trial, demonstrated that
lifestyle behaviors, such as physical activity, can
contribute to weight loss and thus delay the on-
set of future diabetes.2 Unfortunately, physical
activity levels are suboptimal among women
with recent histories of GDM.3
The reasons for these low levels of physical ac-
tivity are incompletely elucidated, but one po-
tential contributor may be stress urinary inconti-
nence. In population-based samples of women of
reproductive age, urinary incontinence, particu-
larly stress incontinence, is a significant barrier to
physical activity.4,5 Once incontinence is present,
decreased physical activity may further exacer-
bate it, as lack of physical activity and greater
weight may also lead to increased stress inconti-
nence.6,7 In addition, although the prevalence of
stress incontinence increases with age,8 it is not
uncommon in women of reproductive age. The
rate of stress incontinence in women aged 30–39
years was approximately 10% in one survey.8 An-
other survey of women with a mean age of 44 
10 years reported that 16% had stress urinary in-
continence.4 Finally, in the National Health and
Nutrition Examination Survey (NHANES), ap-
proximately 14% of women with normal glucose
tolerance reported weekly or more often stress in-
continence; their average age was 44 years.7
To our knowledge, the prevalence of urinary
stress incontinence among women with GDM has
not been reported, nor has its association with
physical activity among women with histories of
GDM been reported. Women with recent histo-
ries of GDM may have a high prevalence of uri-
nary incontinence because of their high rates of
obesity and macrosomic pregnancies.8–10 On the
other hand, women with a recent history of GDM
are younger than women with diabetes,3,11 and
studies of women of reproductive age generally
report lower levels of urinary incontinence than
those found in older women.8 Examination of the
prevalence of urinary incontinence and the asso-
ciations between incontinence and physical ac-
tivity might identify intervention points for dia-
betes prevention through lifestyle modification in
this high-risk population of women.
Therefore, we surveyed women with a history
of GDM regarding their urinary incontinence. We
also examined its association with their current
physical activity. We hypothesized that among
women with a history of GDM prevalence of
stress urinary incontinence would be high and,
moreover, that stress urinary incontinence would
be associated with decreased physical activity.
MATERIALS AND METHODS
Study population and data collection
Study participants were women enrolled in an
academic managed care plan and identified as
having had a GDM pregnancy within the past 5
years through ICD-9 codes 648.8, 648.83, and
648.84 and with at least one health care service for
any reason during the year before the survey. Wo-
men were contacted by interviewer using a com-
puter-assisted telephone algorithm. Women were
excluded if they stated they had type 1 or type 2
diabetes before their pregnancy, denied having
had GDM, were currently pregnant with the in-
dex pregnancy (although they were eligible if they
were currently pregnant and had already com-
pleted another GDM pregnancy), or were unable
to give informed consent. Four hundred eight wo-
men were initially identified by claims data. A to-
tal of 30 women were ineligible, 6 because they
had type 1 or type 2 diabetes before their preg-
nancy, 23 because they denied having GDM, and
1 because she was currently pregnant with her
first GDM pregnancy. Four eligible women re-
fused to participate or did not complete an entire
survey, and 146 could not be contacted. If women
who we were unable to contact had the same rate
of eligibility as those contacted and were counted
in the denominator, the survey response rate was
65%.12 Surveys were completed by 228 women,
with 135 consenting to telephone interviews and
93 opting to complete written surveys. Survey re-
sponders were similar to nonresponders in terms
of years of age (36  5 vs. 36  5, p  0.16),
months since delivery (32  18 vs. 30  17, p 
0.17), and visits in the year following their GDM
delivery (11  11 vs. 10  10, p  0.34); telephone
and written responders were also similar. Ethical
approval was obtained from the University of
Michigan Institutional Review Board.
Main outcome measures
Self-reported physical activity was first as-
sessed using questions from the National Health
Interview Survey13 that asked women how often
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they walked for exercise, the average number of
minutes they spent walking each time, and how
much their heart and breathing rates increased
(i.e., no increase, small, medium, or large) while
walking. We calculated the total number of hours
per week that women spent walking. We exam-
ined the association between walking intensity
and scale scores, stratified by duration (no walk-
ing, walking with no increase in heart rate, small
increase, medium increase, or large increase in
heart rate). We also assessed degree of exertion
during leisure time activity using a single-item
question validated in the Diabetes Intervention
Reaching and Educating Communities Together
study14,15; women were asked which of the fol-
lowing four activity levels best described their
present leisure time activity: none, only light
physical activity in most weeks, vigorous activ-
ity for 20 minutes 1–2 times per week, and vig-
orous activity for 20 minutes 3 times per
week.
Prepregnancy body mass index (BMI) and cur-
rent BMI were obtained from self-report. Height
is generally estimated within an average of 0.5
inches; men have a greater tendency than women
to overestimate height. In population-based sur-
veys that examined the correlation between mea-
sured anthropometrics vs. self-reported anthro-
pometrics, the correlation between measured
height and self-reported height was 0.92 in wo-
men. Similarly, weight is generally underesti-
mated; women aged 20–29 years have a greater
tendency to underestimate weight than do other
groups. In population-based surveys, the corre-
lation between measured weight and self-re-
ported weight exceeded 0.90.16
Stress urinary incontinence measures
Stress urinary incontinence was determined
using questions from NHANES and DPP.17,18 In
NHANES, the frequency of stress incontinence
was assessed by the question: “During the past
12 months, have you leaked or lost control of even
a small amount of urine with an activity like
coughing, lifting, or physical activity?” We mod-
ified this question by replacing “during the past
12 months” with “during your [GDM] preg-
nancy” and also “after your [GDM] pregnancy.”
Frequency of incontinence was ascertained as
everyday, a few times a week, a few times a
month, or a few times a year. We categorized fre-
quency as weekly or more frequent incontinence.
In the NHANES, participants were also asked
about the effect of urine leakage on day-to-day
activity in the past 12 months; we replaced “12
months” with “during your [GDM] pregnancy”
and “after your [GDM] pregnancy.” The re-
sponses to these questions were categorized as
“not at all” or “only a little” vs. “somewhat,”
“very much,” or “greatly.”
Statistical analyses
We used analysis of variance (ANOVA) to ex-
amine the unadjusted association between uri-
nary incontinence measures and participant char-
acteristics (Table 1) and measures of self-reported
physical activity and BMI. We constructed mul-
tivariable regression models that controlled for
patient covariates. These models adjusted for par-
ticipant characteristics associated with the pri-
mary dependent and independent variables in
the bivariate analyses described. Candidate par-
ticipant characteristics included demographic
variables (age, race, education, income), cardio-
vascular risk factors (family history of diabetes
and current diabetes, history of dyslipidemia, his-
tory of hypertension outside of pregnancy, ciga-
rette smoking), and pregnancy characteristics
(breastfeeding, insulin use during pregnancy,
and type of prenatal care provider) (Table 1). Be-
cause women could have multiple provider types
during pregnancy, prenatal provider contact was
characterized as six indicator variables: contact
with an obstetrician/gynecologist (yes/no), fam-
ily practitioner (yes/no), endocrinologist (yes/
no), midwife (yes/no), dietitian (yes/no), and
other provider type (yes/no). Covariates were
not collinear.
Separate models were constructed to examine
the effect of women’s (1) self-reported frequency
of urine leakage during pregnancy, (2) interfer-
ence of incontinence with activities during preg-
nancy, (3) self-reported frequency of urinary leak-
age after pregnancy, and (4) interference of
incontinence with activities after pregnancy on
each measure of physical activity. Similar mod-
els were constructed with prepregnancy BMI and
current BMI as the dependent variables, with BMI
categorized as 25 kg/m2, 25–29.9 kg/m2, and
30 kg/m2. Finally, to determine if the relation-
ship between BMI and incontinence was con-
founded by physical activity, we constructed
models where the dependent variable was BMI
and the independent variable was a measure of
incontinence, and we included a measure of
physical activity as an adjuster. Analyses were
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conducted with SAS Version 9.0 software (SAS
Institute, Cary, NC).
RESULTS
Approximately half of women reported having
urinary incontinence at least once a week, and ap-
proximately a quarter reported that incontinence
interfered with activity during and after preg-
nancy (Fig. 1). Although 28% of women reported
that incontinence affected their activities during
their GDM pregnancy, no specific patient char-
acteristics were significantly associated with uri-
nary incontinence and prenatal interference with
activity (Table 1). Women were an average of
36  5 years of age. Urinary incontinence affected
activities after delivery more frequently among
women who were less well educated. Perfor-
mance of physical activity, whether measured by
hours per week walking, perceived walking in-
tensity, or leisure time vigorous activity, was sub-
optimal, with only 31% of women reporting the
recommended levels of vigorous physical activ-
ity. Regarding obesity, the population was
markedly disadvantaged, with 42% reporting a
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TABLE 1. PARTICIPANT CHARACTERISTICS AND STRESS URINARY INCONTINENCE DURING
AND AFTER A PREGNANCY AFFECTED BY GESTATIONAL DIABETES MELLITUSa
Weekly Incontinence Weekly Incontinence
incontinence affected activities incontinence affected activities
during pregnancy during pregnancy after delivery after delivery
Characteristic Total n  112 (49%) n  64 (28%) n  115 (50%) n  62 (27%)
Age, years
34 34% 38% 28% 28% 31%
34–38 35% 30% 39% 35% 42%
38 31% 32% 33% 37% 27%
Race
Non-Hispanic white 71% 71% 78% 74% 81%
Asian/Pacific Islander 13% 12% 13% 14% 10%
African American 7% 3% 5% 3% 5%
Other 9% 14% 5% 10% 5%
Education
High school graduate or less 8% 6% 13% 7% 17%
Some college 28% 28% 33% 26% 29%
College graduate 64% 66% 54% 67% 55%
Annual household income
$15,000 4% 3% 5% 4% 5%
$15,000–$40,000 12% 14% 18% 9% 13%
$40,000–$75,000 33% 35% 34% 32% 38%
$75,000 51% 49% 44% 56% 44%
Current cigarette use 11% 7% 17% 10% 16%
Duration of breastfeeding with
formula
0–3 months 54% 57% 58% 50% 52%
3 months–1 year 32% 30% 33% 36% 33%
1 year 14% 13% 9% 15% 15%
Number of months since delivery
15 32% 30% 27% 25% 25%
15–33 32% 40% 41% 34% 41%
33 35% 30% 32% 41% 34%
Prenatal provider typeb
Obstetrician 91% 93% 89% 91% 87%
Family practitioner 15% 14% 17% 17% 21%
Endocrinologist 42% 45% 45% 42% 44%
Midwife 6% 6% 9% 6% 6%
Dietician 60% 63% 66% 63% 65%
Other 5% 4% 5% 6% 6%
Insulin during pregnancy 44% 46% 45% 43% 44%
aBold indicates association at p  0.05.
bWomen could see more than one type of provider, so percents do not sum to 100.
prepregnancy BMI  30 kg/m2 before pregnancy
and 46% reporting a current BMI  30 kg/m2 af-
ter delivery.
Despite the high prevalence of urinary incon-
tinence and suboptimal levels of physical activ-
ity, incontinence was not associated with any of
the measures of physical activity or current BMI
(Table 2). The lack of association persisted in mul-
tivariate models (Table 3). Incontinence was not
associated with any measure of physical activity
after adjustment for participant characteristics as-
sociated with the measure of activity or the mea-
sure of incontinence, nor was incontinence asso-
ciated with category of BMI before or after
adjustment for activity (data not shown). More-
over, the point estimates did not change in a con-
sistent pattern between urinary incontinence with
increasing levels of physical activity.
DISCUSSION
Women with a history of GDM are at increased
risk for glucose intolerance after delivery, and
lifestyle behaviors are crucial to preserving glu-
cose tolerance. Multiple potential barriers to
physical activity exist in this population, how-
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FIG. 1. Percent of women with a history of GDM re-
porting measures of incontinence.
TABLE 2. PHYSICAL ACTIVITY AND STRESS URINARY INCONTINENCE DURING AND
AFTER A PREGNANCY AFFECTED BY GESTATIONAL DIABETES MELLITUSa
Weekly Incontinence Weekly Incontinence
incontinence affected activity incontinence affected activity
during during after after
Total pregnancy pregnancy delivery delivery
Hour/week walking
0–1 21% 22% 20% 19% 21%
2 21% 20% 20% 19% 17%
3 21% 26% 27% 28% 26%
4 37% 32% 34% 35% 36%
Perceived walking intensity
No walking at all 4% 6% 6% 6% 2%
No increase in heart rate 8% 5% 6% 5% 8%
Small increase in heart rate 42% 42% 37% 47% 35%
Medium increase in heart rate 37% 40% 42% 35% 47%
Large increase in heart rate 9% 7% 9% 6% 8%
Leisure time vigorous activity
No activity 4% 5% 3% 4% 5%
Only light physical activity 42% 45% 40% 46% 44%
Vigorous activity for 20 22% 23% 32% 24% 29%
minutes 2 times per week
Vigorous activity for 20 31% 28% 25% 27% 23%
minutes 3 times per week
Prepregnancy BMI (kg/m2)
25 33% 35% 27%
25–29.9 24% 17% 22%
30 42% 48% 51%
Current BMI (kg/m2)
25 30% 30% 23%
25–29.9 24% 22% 19%
30 46% 49% 58%























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ever. Among women with a recent history of
GDM, we found a high prevalence of urinary
stress incontinence, inconvenience associated
with that incontinence, and suboptimal levels of
physical activity. Half of these women reported
greater than weekly incontinence, and approxi-
mately a quarter reported incontinence that in-
terfered with activity. These difficulties were 
present during the GDM pregnancy as well. Al-
though such reported barriers could potentially
explain the low levels of physical activity ob-
served, we did not find an association between
incontinence and physical activity levels among
women with a recent history of GDM.
The high rates of incontinence with activity in
our sample contrast with the rates in other stud-
ies, which were generally much lower and ranged
between about 10% and 16% in women of simi-
lar or slightly older age.4,7,8 The high prevalence
of stress urinary incontinence during and after
pregnancy in our population may have been par-
tially attributable to the high rates of obesity we
observed in our sample, 42% during pregnancy
and 46% after delivery. Because BMI was ob-
tained by self-report, it is possible that these are
actually underestimates of obesity, with women
underreporting their weight during and after
pregnancy. The exact mechanism remains un-
clear; excess body weight may increase abdomi-
nal pressure during physical activity, which in
turn increases bladder pressure and urethral mo-
bility, thus leading to incontinence.19 It is also
possible that the glucose intolerance experienced
by women with GDM during pregnancy, and
particularly for women who have persistent glu-
cose intolerance after delivery, may have con-
tributed to the high rates of urinary incontinence.
Rates of microvascular disease among women
with recent GDM have not been reported, and
most women are thought to have normal glucose
levels after delivery.20 However, examinations of
older women with microvascular disease due to
diabetes have found increased rates of inconti-
nence, possibly through disturbances of the nerve
supply to the urethral sphincter and bladder,
causing sphincter damage and involuntary blad-
der contractions, resulting in incontinence.7 Such
changes appeared to be present even among wo-
men with prediabetes, suggesting that microvas-
cular disease may precede the diagnosis of frank
diabetes.
Other characteristics of our sample are less
likely to have contributed to the high observed
rates of incontinence. In the report by Melville et
al.,8 higher levels of education and income were
associated with lower levels of incontinence 
in univariate analyses. Our sample was better
educated and more affluent than that popula-
tion, and, therefore, these characteristics would
have actually lowered the observed rates of
incontinence in our sample. Although non-
Hispanic white race is associated with greater
rates of stress incontinence and our population
was predominantly white, we actually had a
greater proportion of nonwhite participants than
in other population-based studies, which also
would have lowered the observed rates of in-
continence. Finally, the mean age or our partici-
pants was 36  5 years, approximately 8 years
less than the glucose-tolerant population sur-
veyed in NHANES,7 but the rates of stress in-
continence were nearly double those observed in
that survey despite the use of similar measures
of incontinence.
Despite the suboptimal rates of activity and the
high rates of incontinence, we did not observe an
association between the two. Although explana-
tions are speculative, women may have not had
optimal levels of physical activity because of the
presence of multiple other barriers. Previous
studies suggest that the condition of pregnancy
itself may not decrease activity,21 but the pres-
ence of young children may eventually have a
detrimental effect on physical activity.22 There-
fore, incontinence may not have been a signifi-
cant barrier in and of itself. Another possible 
explanation is that women acclimate to inconti-
nence, and the impact of incontinence on activity
is subsequently minimal. In a Finnish cohort of
incontinent women, approximately one quarter
were still highly active, and activity levels did not
change after treatment.23 To our knowledge, no
studies examined the success of interventions
aimed at stress incontinence that subsequently
improve glucose intolerance. In contrast, the ev-
idence is more suggestive that greater activity
levels may serve to decrease levels of inconti-
nence. In a Swedish study, women who engaged
in low-impact physical activity reported im-
proved urinary continence.24 In the DPP, women
randomized to the lifestyle intervention group re-
ported a reduction in rates of stress incontinence,
mostly due to changes in weight. Of note, rates
of incontinence were seen to be as high as 38%.18
Women with a history of GDM tend to be poor
and racial/ethnic minorities and also have low
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education levels and incomes, as opposed to our
largely non-Hispanic white, well-educated, and
affluent sample. It is possible that less advan-
taged women are more affected by stress urinary
incontinence than our sample, perhaps because
they have low self-efficacy for physical activity
already, and stress incontinence is more difficult
to surmount. It is also possible that other popu-
lations of women have activity levels that are
even less affected by stress urinary incontinence
than our sample because incontinence is a minor
barrier compared to other existing barriers. Our
findings cannot be extrapolated to other samples
of women.
Our report has several other limitations. The
average time from pregnancy was approximately
2 years (SD 17 months), so that women in our
sample may have delivered in the past 6 months
to up to 5 years ago. Although we did not find
that the relationship between recall of inconti-
nence and time from delivery was consistent, the
accuracy of the incontinence measure may have
decreased with time. Specifically, women may
have failed to recall incontinence after delivery
because of the extended period; thus, the rates of
reported incontinence, while already high, may
have been artificially lowered. It is also possible
that peripartum incontinence rates were much
higher than those even only a few months later,
which would have artificially elevated inconti-
nence rates. In addition, recall bias may have af-
fected our results in several ways. If women who
were less active were more likely to recall incon-
tinence interfering with activity than women who
were more active, this would have exaggerated
the relationship between incontinence and lack of
physical activity. As we did not observe an asso-
ciation, despite the fact that a quarter of women
reported incontinence interfering with activity,
this bias may not have had a large impact on our
results. However, if women who were less active
were less likely to recall incontinence than wo-
men who were more active, this would have bi-
ased the results to the null and, therefore, con-
tributed to our negative results. It is also possible
that the activity triggered the incontinence. We
assessed the prevalence of incontinence among
women with a history of GDM using survey mea-
sures assessing weekly incontinence, but we were
not able to assess a more precise frequency and
quantity of urine loss. The measures of physical
activity and incontinence we used may not have
been sensitive enough to capture an association.19
In a study of postmenopausal women with dia-
betes, diabetes was associated primarily with se-
vere incontinence,25 and in other studies of dia-
betic women, diabetes was associated with daily
incontinence,26 suggesting that perhaps a larger
sample size or measures more sensitive to greater
frequency or severity of incontinence may have
captured an association.
One of the advantages of the urinary inconti-
nence measure adapted in this paper is that it al-
lows comparisons with larger population-based
studies, such as the NHANES,6,7 which demon-
strated lower rates of stress incontinence (14%)
among women with normal glucose tolerance
and from which we adopted the incontinence
questions. This measure is comparable to other
studies using different measures, one of which
found that the prevalence of urinary incontinence
among women aged 30–39 years was also ap-
proximately 14%, with the prevalence increasing
with age and the odds increasing with each de-
livery (OR 1.17, 95% CI 1.11–1.24).8
Our primary objective was to assess the asso-
ciation between incontinence and lifestyle be-
haviors in women with a history of GDM, but we
were not able to assess the impact of GDM on in-
continence, as this would have required a com-
parison group. Although the objective of our
study was to examine the prevalence of inconti-
nence among women with GDM and its associa-
tion with physical activity, we were limited in our
ability to assess the effect of other variables that
might affect incontinence, such as the mode or
number of deliveries, hysterectomy, and comor-
bidities, including depression. We expected the
prevalence of these to be low given the age of our
population. We expect that adjustment for these
factors would have biased any association to the
null. However, the effect of this bias is not known.
More detailed information would allow quantifi-
cation of the risk of urinary incontinence within
the population affected by GDM, such as women
who delivered by cesarean section or women who
were grand multiparas. Larger studies or longi-
tudinal studies may capture an association be-
tween urinary incontinence and physical activity.
Given the point estimates observed in our cross-
sectional study, the magnitude of the association
might be smaller than we previously hypothe-
sized. However, such studies would allow more
accurate assessment of incontinence by inter-




Stress urinary incontinence is common among
women with a history of GDM but does not ap-
pear to be associated with levels of physical ac-
tivity or with BMI. Studies that examine the on-
set of incontinence in relation to changes in
physical activity are needed to determine defini-
tively the barrier that stress incontinence poses
for physical activity in this population of women
at high risk for diabetes. Ideally, these reports
would also adjust for the other barriers to phys-
ical activity that are present in women of repro-
ductive age to determine the relative impact of
stress incontinence on activity. In addition, such
reports might quantify other contributors to in-
continence, particularly the presence of mi-
crovascular disease and data on mode and num-
ber of deliveries. Such studies might reveal a
useful leverage point for future diabetes preven-
tion interventions.
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